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Preface
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technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by e-mail to epc@ahrqg.gov.
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Structured Abstract

Objectives: Hereditary Nonpolyposis Colorectal Cancer (HNPCC) has been defined clinically
and genetically. The disorder has traditionally been recognized in kindreds with a clustering of
related cancers in association with mutations in DNA mismatch repair genes. HNPCC is
associated with a substantially increased risk for several forms of malignancy but particularly
colorectal and endometrial cancer.

There were three main objectives of this report: (1) to assess the sensitivity, specificity, and
reliability of laboratory and genetic tests commonly used in evaluating patients for HNPCC
(analytic validity); (2) to summarize the accuracy of commonly used clinical and laboratory
characteristics for predicting the presence of HNPCC in patients with colorectal cancer (clinical
validity) and use these estimates to describe the efficiency of various strategies for identifying
patients with a mismatch repair mutation; (3) to describe the benefits and harms related to
screening and testing patients with colorectal cancer and their family members for HNPCC.

Data Sources: Published literature identified through an electronic search (through April 2006),
review of relevant bibliographies, and suggestions from technical experts.

Review Methods: We evaluated studies critically and summarized the data qualitatively or by
meta-analysis when studies used similar methodology and endpoints. We used decision trees to
describe the efficiency of various strategies for identifying patients with HNPCC from a
hypothetical population of patients with colorectal cancer.

Results: We included a total of 104 studies of which 40 addressed issues related to clinical
validity, 3 to analytic validity, and 61 to benefits and harms.

We identified only three studies on analytic validity and thus there exists a major gap in the
published literature with regard to the accuracy and reliability of specific tests used in the
evaluation of HNPCC.

Among unselected patients with colorectal cancer who fulfilled the Amsterdam I criteria, 44%
(95% CI: 35, 52%) carried pathogenic mismatch repair mutations (mainly in the MLH1 and
MSH?2 genes). The proportion was somewhat higher (51% [95% CI: 35, 66%]) among studies
that performed sequencing on all available samples. The prevalence of MMR mutation carriers
may be higher when genetic testing includes evaluation for large genomic
deletions/rearrangements and when testing is also performed on MSH6 and PMS2.
Approximately 71% (95% CI 63, 78%) of colorectal cancers from patients who fulfilled the
Amsterdam I criteria demonstrated microsatellite instability while 40% (95% CI: 28, 53%)
demonstrated loss of protein expression by immunohistochemistry.

Of nine clinical strategies considered for detecting the presence of mismatch repair mutations
in patients with colorectal cancer, the combination of three clinical predictors (age less than 50
years old at diagnosis; or a history of colorectal or endometrial cancer in a first degree family
member; or the presence of multiple, synchronous or metachronous colorectal or endometrial
cancers in the proband) combined with either immunohistochemistry (IHC) or MSI testing of
tumor tissue identified a similar number of patients with mismatch repair mutations as other
more complex strategies.



There was little published information regarding potential harms associated with screening
individuals with HNPCC-related cancers using clinical criteria (e.g., the Amsterdam criteria),
MSI or IHC testing. Limited data suggested that testing probands for MMR mutations was not
associated with severe psychological impact following formal counseling. Pre-test genetic
counseling had good efficacy in improving knowledge about HNPCC and resulted in a high
likelihood of proceeding with genetic testing, satisfaction in the decision to undergo genetic
testing, and decreasing depression and distress levels among family members of HNPCC
probands with cancer and among asymptomatic individuals from HNPCC families.

Identification of HNPCC mutations was associated with an increase in the likelihood that
family members of probands with CRC would undergo cancer-screening procedures. HNPCC
family members who underwent cancer-screening procedures had a lower risk of developing
HNPCC-related cancers and lower mortality rates than those who did not take actions. However,
all of the relevant studies suggesting these benefits had important limitations. Survival was
increased among asymptomatic HNPCC family members who received colonoscopy screening,
regardless of their mutation status. There was limited direct evidence related to harms of the
cancer-screening procedures in family members of probands with HNPCC. However,
complication rates associated with these procedures in other settings are probably similar.

Conclusions: This report characterizes the accuracy of clinical and laboratory predictors of
MMR mutations that can be used to identify patients with an increased risk of having MMR
mutations. However, the sensitivity, specificity, and reliability of the tests used to evaluate
individuals for suspected HNPCC is not known confidently. Data regarding the net benefits and
harms associated with predictive genetic testing in patients with HNPCC-related cancers and
their families members is incomplete but suggest that such testing improves compliance with
screening procedures. At-risk family members who undergo screening colonoscopy have a
reduced risk of developing HNPCC-related cancers and lower mortality. However, all studies
supporting these benefits had important limitations.
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Executive Summary

Introduction

Individuals with a familial predisposition to cancer pose an increasing challenge for
healthcare systems hoping to provide state-of-the-art care. Optimal strategies for recognizing
them, performing (and interpreting) genetic testing, and preventing cancers in at-risk family
members have not been well established when considering overall benefits, harms, and costs.
The challenges involved will likely become increasingly complicated with advances in
understanding of the molecular genetics underlying cancer risk. In this report, we attempt to
clarify many of these issues for one form of hereditary cancer, Hereditary Nonpolyposis
Colorectal Cancer (HNPCC). HNPCC is associated with a substantially increased risk for several
forms of malignancy but particularly colorectal and endometrial cancer.

HNPCC has been defined clinically and genetically. As a genetic disease, it is inherited as an
autosomal dominant disorder (with variable penetrance) caused by mutations in DNA mismatch
repair (MMR) genes. As a clinical disorder, it can be defined as a clustering of related cancers
across generations in a kindred. The disorder has also been referred to as the “Lynch syndrome”
in recognition of Henry Lynch, who in 1966 described familial aggregation of colorectal cancer
with gastric and endometrial cancer in two large kindreds (although it was first reported by the
eminent pathologist Aldred Warthin in 1913).

These definitions are not entirely distinct since the disorder is typically recognized in patients
or kindreds with clinical expression of the disease who have an associated genotype. However,
the ability to perform predictive genetic testing in individuals with cancer and asymptomatic
family members makes it imperative to fully understand its implications. There remain many
uncertainties regarding how HNPCC should be identified in patients presenting with associated
malignancies, and the full spectrum of implications related to screening and management options
for the patient and their at-risk family members. Does, for example, the identification of MMR
genotypes in family members of patients with HNPCC-related cancers improve their outcomes
compared with management approaches that do not involve predictive genetic testing? What is
the likelihood that a family member with a MMR mutation is destined to develop HNPCC-
related cancers, and does screening for these cancers improve outcomes?

There were three main objectives of this report: (1) to assess the sensitivity, specificity and
reliability of laboratory and genetic tests commonly used in evaluating patients for HNPCC
(analytic validity); (2) to summarize the accuracy of commonly used clinical and laboratory
characteristics for predicting the presence of HNPCC in patients with colorectal cancer (clinical
validity) and to describe the efficiency of various strategies for identifying patients with a
mismatch repair mutation; and (3) to describe the benefits and harms related to screening and testing
patients with colorectal cancer (CRC) and their family members for HNPCC.

This report is based upon a systematic review of the literature. The Key Questions that it
addresses were proposed through the Agency for Healthcare Research and Quality (AHRQ) on
behalf of the Centers for Disease Control and Prevention (CDC) Evaluation of Genomic
Applications in Practice and Prevention (EGAPP) Project. EGAPP is a three-year model project
developed by CDC’s Office of Genomics and Disease Prevention to address the increasingly
urgent need for timely and objective information that will allow health care providers,



consumers, policy makers and payers to distinguish tests that are safe and useful, and to guide
their appropriate use in practice.

The Key Questions Addressed Include the Following:

Key Question 1: Does risk assessment and HNPCC mutation testing in patients with newly
diagnosed CRC lead to improved outcomes for the patient or family members, or is it useful
in medical, personal, or public health decision making? (Over-arching question).

Key Question 2a: Assuming a clinical definition of the Lynch Syndrome, what proportion of
patients has a mismatch repair mutation?
2b: Assuming a clinical definition of the Lynch Syndrome, what proportion of patients has
MSI?
2c: Assuming a clinical definition of the Lynch Syndrome, what proportion of patients has
abnormal protein expression by immunohistochemistry?
2: How accurate are various predictors, assuming a genetic definition of the Lynch
Syndrome?

Key Question 3: What are the harms associated with screening high-risk individuals for
HNPCC?

Key Question 4: What is known about the analytic (sensitivity, specificity, reproducibility,
reliability) and clinical validity of tests that identify HNPCC mutations?

Key Question 5: What are the harms associated with screening for high-risk individuals?

Key Question 6a: What are the management options for CRC patients who are HNPCC
positive?
6b: Does the identification of HNPCC mutations lead to improved patient outcomes in terms
of early detection, mortality/morbidity or management decisions (e.g., counseling,
surveillance, treatment, other decision making) by patients and providers?

Key Question 7: What are the harms associated with subsequent management options after
identification of HNPCC mutations in CRC patients?

Key Question 8a: What is the efficacy of pre-test genetic counseling for informing family
members of potential risks and benefits of testing?
8b: What is the accuracy of HNPCC testing in family members in predicting the risk of
CRC?
8c: Do other factors, such as race/ethnicity, age, gender, or co-morbidities affect the
accuracy of the testing?

Key Question 9: What are the harms associated with informing/counseling family members or
with subsequent testing for HNPCC mutations?



Key Question 10a: What are the management options for family members of CRC patients who
have a positive HNPCC test?
10b1: Does the identification of HNPCC mutations lead to improved outcomes in terms of
decision making by patients, family members and providers, or public health policy?
10b2: Does the identification of HNPCC mutations lead to improved outcomes in terms of
early detection and mortality/morbidity of patients, family members?

Key Question 11: What are the harms associated with subsequent actions or interventions for
family members?

These questions were based upon an analytic framework that begins with a patient with
colorectal cancer and examines the full spectrum of implications of identifying HNPCC in the
patient and their at-risk family members, and the potential benefits and harms of this process
from the perspectives of the patient, provider, family member and the public health.

Screening for HNPCC in Newly Diagnosed CRC Patients and
Their Family Members
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We performed an electronic search of the literature followed by review of abstracts and then
full-text review of potentially relevant studies. We also retrieved additional studies based on
bibliographies of retrieved articles and suggestions from a technical expert panel. We evaluated
all studies critically based upon pre-specified criteria.

We reviewed the full-text of 523 publications. One hundred fifteen papers fulfilled eligibility
criteria but 11 were duplicate reports and were therefore excluded (or used to provide
supplementary information). Thus, 104 unique studies were included for this review (40 were
pertinent to Key Question 2 — clinical validity; 3 were pertinent to Key Question 4 — analytic



validity; and 61 to the remaining Key Questions — benefits and harms), while 408 did not meet
the inclusion criteria and were rejected.

We reviewed each study for its quality. We assigned an overall quality score (A, B or C) to
provide a short hand appraisal of the overall validity of the study but also performed analysis of
specific components of study quality that may have influenced the conclusions.

We combined data in studies that used similar methodology and definitions of endpoints in
similarly selected CRC populations using meta-analysis to provide a point estimate and 95%
confidence interval, mainly for questions pertaining to clinical validity.

We constructed decision trees models to calculate the reported outcomes of various strategies
for identifying HNPCC among patients with colorectal cancer. The models were based upon
parameters estimated from data presented in this report.

Results

Analytic Validity

Key Question 4: What is known about the analytic (sensitivity, specificity, reproducibility,
reliability) and clinical validity of tests that identify HNPCC mutations?

The major laboratory tests used in the evaluation of patients suspected of having HNPCC
include testing of tumor tissue using immunohistochemistry (IHC), microsatellite instability
(MSI) testing, or germline (generally from peripheral blood mononuclear cells) testing for
mismatch repair defects. Analytic validity may also apply to the accuracy of the family history.

Family members generally undergo only germline genetic testing (unless they have also
developed a relevant cancer), ideally based upon the genotype of the proband. Detection of a
pathogenic mutation (i.e., one known to be associated with HNPCC) in a proband permits testing
of at-risk family members for the genotype. Family members with the same genotype have
HNPCC while HNPCC can be excluded in those who do not. The situation is more complex
when the probands do not have a detectable DNA alteration associated with HNPCC or when an
alteration with unclear clinical significance is detected.

There was little published information on the analytic validity of laboratory testing in
patients or family members suspected of having HNPCC. Thus, the analytic validity of the tests
used to evaluate HNPCC is substantially uncertain. However, there was heterogeneity in the type
of testing offered by commercial laboratories, and one study demonstrated variability in the
accuracy of protein staining by IHC across facilities.

Additional information that could shed light upon analytic validity is available but would
require evaluation of non-published data sources. For example, information has been collected
through an external proficiency-testing program for MSI conducted by the College of American
Pathologists and through internal testing performed by individual laboratories. Committees of
experts could also review the strengths and limitations of specific testing techniques based upon
clinical experience with these methods in HNPCC and in other genetically based disorders.

Clinical Validity

Key Questions 2a, 2b and 2c seek to evaluate the prevalence of MMR mutations, suggestive
MSI and IHC, respectively, among patients fulfilling the Amsterdam I criteria or the Amsterdam



IT criteria. We considered several variables in making comparisons across studies such as how
populations were selected, the methods used for genetic testing, whether and how mutations
were described as being pathogenic, and whether testing for MMR genes other than MLH1 and
MSH2 was performed.

Key Question 2a: Assuming a clinical definition of the Lynch Syndrome, what proportion
of patients has a mismatch repair mutation?

Most eligible studies evaluated only MLH1 and MSH2 genes; only three studies assessed
other MMR genes. Among CRC fulfilling Amsterdam I criteria, the random effects summary
prevalence of MLH1 and MSH2 gene mutations was 44% (95% CI: 35, 52; n=19 studies, 464
patients), with evidence for substantial between-study heterogeneity (p<0.01; I*=52%). The six
studies that performed sequencing among all Amsterdam I patients had a summary prevalence of
51% (95% CI: 35, 66%).

For patients fulfilling the Amsterdam II criteria, the corresponding prevalence values were
39% (95% CI: 30, 49%:; 10 studies 279 Amsterdam II patients) and 40% (95% CI: 30, 52%)
based upon two studies that performed sequencing on all 87 Amsterdam II patients.

The three studies examining additional genes (MSH6, PMS1 and PMS2) in Amsterdam I
patients did not identify any additional MMR mutations. Two additional MSH6 mutations (in
addition to five MLH1 and MSH2 mutations) were found among 20 Amsterdam II patients in a
single study.

There were limited studies that performed more comprehensive genetic testing for
pathogenic MMR genotypes associated with HNPCC or evaluated all the MMR genes that have
been associated with HNPCC. For example, only one study performed sequencing in all samples
and tested for large genomic mutations/rearrangements for three MMR genes (MLH1, MSH2,
MSH6). The study included only 22 Amsterdam I patients; the prevalence of MMR mutation
carriers was 64%.

Limited data suggested that approximately one-fourth to one-third of genotypes associated
with HNPCC are related to deletions or rearrangements that would be missed through
sequencing alone. As a result, the prevalence of mutations in Amsterdam I or II patients assessed
from studies that performed sequencing alone are likely to be underestimates. Accounting for
this effect, one may derive a prevalence of MMR mutations of approximately 63% to 67% in
Amsterdam I patients. For Amsterdam II patients the corresponding prevalence values would be
50% to 53%.

Furthermore, limited data suggest that approximately 10% of MMR genotypes involve MMR
genes other than MLH1 and MSH2. Thus, assuming an additional 10% increase in mutations by
assessing more genes would result in an overall prevalence of up to 70% to 75% for Amsterdam
I patients and 55 to 59% for Amsterdam II patients.

Because of the limited data, these calculations should be considered as being highly
imprecise. Furthermore, other considerations, such as how patients are selected and how
genotypes are classified as being pathogenic, may affect these estimates.

Key Question 2b: Assuming a clinical definition of the Lynch Syndrome, what proportion
of patients has MSI?

Among patients fulfilling the Amsterdam I criteria, 71% (95% CI: 63, 78%; n=11 studies,
159 patients) of tumors were MSI-H. Among patients who fulfilled the Amsterdam II criteria, the
corresponding summary prevalence was 68% (95% CI: 58, 76%; n=4 studies, 102 patients).



Key Question 2c: Assuming a clinical definition of the Lynch Syndrome, what proportion
of patients has abnormal protein expression by immunohistochemistry?

Among patients fulfilling the Amsterdam I criteria the overall prevalence of tumors with loss
of protein expression by IHC was 40% (95% CI: 28, 53%; n= 6 studies, 63 patients) with no
evidence for between-study heterogeneity (p=0.75, I’=0%).

Only one eligible study provided relevant data for 20 patients fulfilling the Amsterdam II
criteria. Eight out of 20 tumors had suggestive IHC for the MLH1, MSH2 or MSH6 genes (40%
[95% CI: 9, 64%]).

MSI and [HC testing often depended upon practical and logistical considerations (e.g.,
patient availability and consent and availability of tumor tissue). Thus, not all patients had all
tests and it was unclear whether additional bias may have been introduced in selecting patients
for testing.

Key Question 2: How accurate are various predictors assuming a genetic definition of the
Lynch Syndrome?

Five studies provided information on eight clinical predictors and on suggestive MSI testing
for predicting the presence of MMR mutations among unselected incident CRC. All were limited
by verification bias. The table below summarizes the sensitivity and specificity of the predictors
most commonly reported (see Executive Summary Table 1).

Executive Summary Table 1. Diagnostic ability of various predictors to detect MMR mutations among
unselected incident CRC

Predictor Unselected CRC probands
N Sensitivity [%] Specificity [%)]
(95% CI) (95% CI)

2 45 (29, 63) 99 (74, 100)
Amsterdam Il criteria 2 28 (15, 47) 99 (97, 100)
Modified Amsterdam criteria 0 ND ND
Bethesda guidelines 1 73 (39, 94) 82 (80, 84)

1

3

4

Amsterdam | criteria

Revised Bethesda guidelines 91 (59, 100) 77 (75, 79)

Age <50 years 31 (18, 47) 95 (94, 96)

1% degree family history of CRC or 76 (50, 91) 87 (86, 89)
EC

Multiple CRC or EC tumors in the 3 38 (25, 54) 97 (91, 99)
same patient

Age <50 years, family history of CRC 3 88 (60, 97) 77 (74, 81)
or EC, or multiple tumors in same
patient

Suggestive MSI?

100 (88, 100) 90 (88, 92)
Suggestive IHC ND

ND

onN

CRC: colorectal cancer; EC: endometrial cancer; N: Number of studies; ND: no data.
2 Estimates are the same for combined MSI-H and MSI-L versus MSS and for MSI-H versus MSS

Decision Tree Modeling of Genetic Testing Strategies. We evaluated nine strategies for
identifying patients with CRC with MMR mutations based upon combinations of clinical
features, laboratory testing of tumor tissue (i.e., [HC and MSI testing). These can be
conceptually organized into four general strategies:

— Group 1: Perform genetic test on everyone

— Group 2: Screen with a set of clinical criteria



— Group 3: Screen tumor tissue with a laboratory test

— Group 4: Screen using two serial tests: a set of clinical criteria first, and then a laboratory
test of tumor tissue

Of these, Group 4 strategies selected relatively fewer patients for genetic testing (one out of
twenty-five or fewer) and missed at most in approximately 27% of patients with HNPCC.
Mismatch repair mutation testing would be performed in less than 6% of CRC patients using
these strategies. In contrast, for strategies in groups 1 to 3, more than 13% and up to 100% of
newly diagnosed CRC patients would be genetically tested, and approximately 5% to 16% of
patients with HNPCC would be missed. Similar results were obtained for both the low (0.90%)
and the higher (2.75%) estimate for the prevalence of mutation carriers among incident
unselected CRC (see Executive Summary Table 2).

Executive Summary Table 2. Expected number of MMR, MSI or IHC tests and expected MMR testing results
with the nine strategies, assuming a population of 100,000 incident cases of CRC

Strategy Received tests Number of MMR tests that were Unidentified
MMR MSI IHC Positive True Inconclusive MMR
positive mutation
carriers
Low prevalence estimate for MMR mutation carriers (0.90%)
MMR-AII 100,000 0 0 1,351 855 252 45
BethR-All 23,612 0 0 892 778 61 122
3Clinical-All 23,585 0 0 866 752 61 148
MSI-All 13,738 100,000 0 877 812 37 88
IHC-AII 13,702 0 100,000 843 778 37 122
BethR-MSI 3,741 23,612 0 754 739 12 161
3Clinical-MSI 3,716 23,585 0 730 715 11 185
BethR-IHC 1,828 0 23,612 659 654 6 246
3Clinical-IHC 3,684 0 23,585 700 685 11 215
Higher prevalence estimate for MMR mutation carriers (2.75%)

MMR-AII 100,000 0 0 3,098 2,612 257 138
BethR-All 24,870 0 0 2,489 2,377 69 373
3Clinical-All 24,787 0 0 2,410 2,299 69 451
MSI-All 15,255 100,000 0 2,545 2,481 46 269
IHC-AIl 15,145 0 100,000 2,440 2,377 45 373
BethR-MSI 5,285 24,870 0 2,273 2,258 20 492
3Clinical-MSI 5,206 24,787 0 2,198 2,184 20 566
BethR-IHC 3,220 0 24,870 2,002 1,997 14 753
3Clinical-IHC 5,110 0 24,787 2,106 2,092 20 658

In the hypothetical population, for the low prevalence estimate 900/100,000 patients are assumed to carry MMR
mutations; for the high prevalence estimate 2750 people are assumed to carry MMR mutations. Strategies are
presented with respect to the group (1 to 4) to which they belong. MMR-AII: test all for mismatch repair mutations;
BethR-All: test all using the revised Bethesda criteria; 3 Clinical-all: Perform MMR testing only among those fulfilling
at least one of the three simple clinical criteria (age <50y at diagnosis, family history of CRC or endometrial cancer, or
multiple tumors, synchronous or metachronous, in the same patient); MSI-All: Perform MSI testing on all patients,
followed by MMR testing only among those with suggestive MSI test; IHC-all: Perform immunohistochemistry (IHC)
testing on all patients followed by MMR testing only among those with suggestive IHC test; BethR-MSI: Perform MSI
testing on patients fulfilling the revised Bethesda guidelines, perform MMR only among those with suggestive MSI
test;3 Clinical-MSI: Perform MSI testing on patients fulfilling at least one of the three simple clinical criteria (age <50y
at diagnosis, family history of CRC or endometrial cancer or multiple tumors, synchronous or metachronous, in the
same patient); perform MMR only among those with suggestive MSI test; BethR-IHC: Perform IHC testing on patients
fulfilling the revised Bethesda guidelines; perform MMR only among those with suggestive IHC test; 3 Clinical-IHC:
Perform IHC testing on patients fulfilling at least one of the three simple clinical criteria (age <50y at diagnosis, family
history of CRC or endometrial cancer or multiple tumors, synchronous or metachronous, in the same patient; perform
MMR only among those with suggestive IHC test.



The overall (strategy-level) sensitivity and specificity are shown in Executive Summary
Table 3. The overall specificity was high in all strategies. Group 4 strategies had the lowest
overall sensitivity (ranging between 73% and 82%). Overall sensitivity and specificity estimates
were similar for both the low (0.90%) and the higher (2.75%) prevalence estimates.

Executive Summary Table 3. Overall sensitivity and specificity for each of the nine strategies

Strategy Sensitivity of strategy Specificity of

(%) strategy (%)
MMR-AIl 95.0 99.3
BethR-All 86.5 99.8
3Clinical-All 83.6 99.8
MSI-All 90.3 99.9
IHC-AIl 86.5 99.9
BethR-MSI 82.1 100.0
3Clinical-MSI 79.4 100.0
BethR-IHC 72.6 100.0
3Clinical-IHC 76.1 100.0

Strategies are presented with respect to the group (1 to 4) to which they belong. In the above estimates the
sensitivity and the specificity of the whole strategy was calculated. Inconclusive MMR tests were assumed to be false
negative (for the calculation of overall sensitivity for each strategy) or false positive (for the calculation of overall
specificity for each strategy).

Thus, of the nine clinical strategies, the presence of at least one of three clinical predictors:
(1) age less than 50 years old at diagnosis, or ii) a history of colorectal or endometrial cancer in a
first degree family member, or iii) the presence of multiple, synchronous or metachronous
colorectal or endometrial cancers in the proband, combined with testing of tumor tissue for either
IHC or MSI, identified a similar number of patients with colorectal cancer who had mismatch
repair mutations associated with HNPCC (and failed to identify a similar number) compared
with other, more complex approaches. There were relatively more studies demonstrating test
characteristics of MSI testing compared with IHC and thus greater precision in the estimates of
sensitivity and specificity of MSI testing.

Benefits and Harms

Key Question 1: Does risk assessment and HNPCC mutation testing in patients with newly
diagnosed CRC lead to improved outcomes for the patient or family members, or is it useful in
medical, personal, or public health decision making? (Over-arching question)

No study directly addressed Key Question 1.

Key Question 3: What are the harms associated with screening high-risk individuals for
HNPCC?

Studies were considered eligible for Key Question 3 if they reported harms of a risk
assessment process (e.g., Amsterdam, Bethesda and/or MSI, THC) used to identify CRC patients
at increased risk for HNPCC.



No study described harms of the risk assessment process in CRC patients at increased risk for
HNPCC.

Key Question 5: What are the harms associated with screening for high-risk individuals?
Studies were considered eligible for Key Question 5 if they reported the harms associated
with testing CRC patients for MMR mutations. Common harms that are thought to be associated

with genetic testing are labeling, discrimination in health coverage, and emotional distress.

Three quantitative, comparative studies of quality A and B, and one qualitative study of B
quality reported harms associated with MMR mutation testing in CRC patients. One 1-year
prospective study (Grade A) compared the psychological impact of MMR mutation testing
between mutation carriers and non-carriers. Subjects in this study were CRC probands or
relatives from HNPCC families with a prior diagnosis of any cancer (excluding non-melanoma
skin cancer). Anxiety, depression, and quality of life measures did not change over time, and
there were no differences in these measures between mutation carriers and non-carriers. Distress
levels were significantly decreased 2 weeks and 6 months after revealing the genetic testing
results but were not significantly different from the baseline at 1-year follow-up. There was no
difference in the distress levels between mutation carriers and non-carriers.

Another 1-month prospective study (Grade B) found that three of the 27 probands (11%) had
minor depression at 1 month after revealing the genetic testing results, but the prevalence of
minor depression was not significantly different compared to the prevalence at baseline or
between mutation carriers and non-carriers. Of the six probands who received a positive result,
two (33%) felt severe guilt regarding their children.

One prospective study (Grade B) reported changes in the psychological outcomes of CRC
patients from self-completed questionnaires pre- and 4-6 weeks post-genetic counseling. There
was no genetic testing performed in this study. There was a trend toward greater anticipated
ability to cope with a positive gene test after counseling, as reflected by a decrease in anxiety and
cancer-specific distress.

The qualitative study of 111 newly diagnosed CRC patients reported a high acceptance and
understanding about information on HNPCC. Nineteen percent of participants rated their current
level of worry caused by the genetics information at or above the midpoint of 4 on a 1 (not at all)
to 7 (all the time) scale.

Key Question 6a: What are the management options for CRC patients who are HNPCC
positive?

6b: Does the identification of HNPCC mutations lead to improved patient outcomes in terms
of early detection, mortality/morbidity or management decisions (e.g., counseling, surveillance,
treatment, other decision making) by patients and providers?

There are three aspects to Key Question 6: 1) Are management options for patients with CRC
with a MMR mutation different from those without a MMR mutation? 2) Does the knowledge of
MMR mutation status change management decisions by patients and providers? 3) Does
changing management options for MMR positive patients with CRC improve outcomes (e.g.,
prognosis and survival) compared to standard approaches for patients with CRC?

We encountered a variety of surgical and medical management options in patients with CRC
who were MMR positive but there were no comparative studies.



Indirect evidence from one study suggested that identification of HNPCC mutations was
associated with better prognosis of CRC. However, there were no data on whether management
options for CRC differed based on MMR mutation status.

Indirect evidence from one study showed no difference in survival of patients with
endometrial cancer, comparing those who were mutation positive to those who were mutation
negative.

In five studies with indirect evidence, there was no evidence in favor or against differences in
survival, when comparing CRC patients who fulfilled different clinical criteria for HNPCC or
screened positive for HNPCC by suggestive laboratory testing with those who did not.

Key Question 7: What are the harms associated with subsequent management options after
identification of HNPCC mutations in CRC patients?

No study described harms associated with subsequent management options after
identification of HNPCC mutations in patients with CRC or other forms of HNPCC-related
cancers.

One study (involving two centers) described the types of colorectal surgery performed on
CRC patients who were part of an Amsterdam criteria-positive family, and compared rates of
metachronous cancers that followed each type of index operation. The overall rate of second
surgeries for metachronous cancer were 23% in patients who underwent right colectomy, 17% in
patients who underwent left/sigmoid colectomy or proctosigmoidectomy, 0% in patients who
underwent total/subtotal colectomy, and 44% in patients who underwent segmental colectomy.
The two centers had significantly different second resection rates for metachronous cancer.

One study described the survival rate of 45 patients with gastric cancer from HNPCC
families with MMR mutations. Many of these patients had already had treatments for other
HNPCC-related cancers, including CRC. The 5-year survival was higher in patients in whom
radical surgery was performed (48%) than in patients in whom radical palliative surgery or
explorative laparotomy alone was performed (15%).

Key Question 8b: What is the accuracy of HNPCC testing in family members in predicting
the risk of CRC?

8c: Do other factors, such as race/ethnicity, age, gender, or co-morbidities affect the
accuracy of the testing?

Only two studies of B quality reported the risk of CRC in family members of probands with
positive MMR mutations (the proposed framework). The lifetime risk of CRC was 68.7% for
men and 52.2% for women with MMR mutations in one study, and it was 74% and 30%
respectively in the other study. Men had higher lifetime risk of CRC than women in both studies.

In a study that reported the risk of CRC in family members of probands with HNPCC based
on clinical criteria, the cumulative risk of CRC by age 75 years old was 57% and 41% in families
that fulfilled the Amsterdam I and II criteria, respectively. The cumulative risk of CRC by age 75
years old was 42% and 23% for men and women, respectively, from families that fulfilled
Bethesda criteria. In another study, family members of CRC probands who were younger than 50
years old at cancer diagnosis had a higher risk of CRC, compared to family members of CRC
probands who were 50 years old and older. The risk of CRC was increased three-fold, comparing
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first-degree relatives of CRC probands who developed a second primary in the HNPCC spectrum
with the single primary group in a third report.

In a study that reported the risk of CRC in kindreds with HNPCC based on genetic criteria,
the cumulative risk of CRC by age 70 yr was 82% in MLH1/MSH2 mutation carriers. The
cumulative incidence of CRC was 100% in men and 54% in women. There was overall a higher
risk of CRC in men, but the sex difference was not consistent among HNPCC kindreds with
different MMR mutations.

Key Question 9: What are the harms associated with informing/counseling family members
or with subsequent testing for HNPCC mutations?

Key Question 8a: What is the efficacy of pre-test genetic counseling for informing family
members of potential risks and benefits of testing?

Studies were considered eligible for Key Question 8a if they summarized the efficacy of pre-
test genetic counseling immediately after counseling and before performing genetic testing.
Studies addressing Key Question 9 were considered together with those addressing Key Question
8a because there was substantial overlap in the studies addressing these questions. The studies
addressed the long-term efficacy of pre-test genetic counseling or harms associated with
screening high-risk individuals (such as by using clinical criteria, MSI, or IHC), genetic testing,
and informing/counseling family members or with subsequent testing for HNPCC mutations.

Four studies addressed the efficacy of pre-test genetic counseling immediately after
counseling and before performing MMR genetic testing. Of these, three were of B quality and
one was of C quality.

Eight comparative and four qualitative studies addressed the harms associated with genetic
testing for HNPCC mutation or with informing/counseling family members or with subsequent
testing for HNPCC mutations. Of these, one study was of A quality, six of B quality, and five of
C quality.

Overall, pre-test genetic counseling had good efficacy in improving knowledge about
HNPCC, and resulted in high likelihood of proceeding with genetic testing, satisfaction in the
decision to undergo genetic testing, and decreasing depression and distress levels among family
members of HNPCC probands or among asymptomatic individuals from HNPCC families.
Family members of HNPCC who received positive MMR mutation test results had higher
psychological distress levels and anxiety compared to those who received negative test results,
but this difference generally disappeared with time. However, all of these psychological
measures were within the normal ranges for the general populations. There were no differences
in quality of life, comparing mutation carriers to non-carriers or the general population.

Key Question 10a: What are the management options for family members of CRC patients
who have a positive HNPCC test?

bl: Does the identification of HNPCC mutations lead to improved outcomes in terms of
decision making by patients, family members and providers, or public health policy?

b2: Does the identification of HNPCC mutations lead to improved outcomes in terms of
early detection and mortality/morbidity of patients, family members?

We included studies evaluating all forms of cancer related to HNPCC since family members
of CRC probands are potentially at risk for all such cancers.
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Six studies examined the impact of mutation testing on the decision to undergo specific
management recommendations among family members of CRC patients or asymptomatic
individuals from HNPCC families. Of these, four were of B quality and two were of C quality.
No study directly examined the impact of HNPCC mutation testing on public health policy or
decision making by insurance providers.

Two studies (in three publications) of B and C quality indirectly addressed outcomes of early
detection and mortality/morbidity in relation to the identification of MMR mutations in family
members of CRC probands or asymptomatic individuals from HNPCC families. These studies
were limited by potential selection bias, and/or unclear effects from treatments or subsequent
interventions.

Identification of HNPCC mutations was associated with improved outcomes in terms of
decision making to undergo screening for cancers in family members of HNPCC. HNPCC
family members who took subsequent actions or interventions had a lower risk of developing
HNPCC-related cancers and lower mortality rates, compared to those who did not take actions.
Most data pertained to screening for CRC with colonoscopy while there was less information
about screening for other forms of HNPCC-related cancer.

Key Question 11: What are the harms associated with subsequent actions or interventions
for family members?

We included studies that reported any outcome relating to subsequent management options or
interventions in HNPCC family members.

Nine studies reported outcomes related to subsequent actions or interventions among family
members. Of these, six were of B quality and three were of C quality. Four of these nine studies
reported harms or adverse events associated with subsequent actions or interventions for family
members. In addition, one study of C quality examined the psychological impacts associated
with colonoscopies. Some of these studies did not have a control group of subjects who declined
to undergo surveillance and most results did not adjust for potential confounders such as age,
personal history of cancer, and educational levels.

Less than 0.5 percent of family members experienced harms associated with screening or
surveillance examination or surgical procedures in the studies we evaluated. However,
complication rates associated with these interventions in the non-HNPCC setting are probably
applicable. There was some negative psychological impact associated with colonoscopies.

Implications for Future Research

Our report identified several areas for future research; we considered the following to be
particularly important priorities:

e There is very little information regarding the analytic validity of tests used in the diagnosis of
HNPCC. Studies specifically addressing sensitivity, specificity and reliability of all of the
laboratory and genetic testing methods in HNPCC are needed. Such studies should focus on
contemporary testing methods and compare them against well-defined reference standards in
tissue samples representative of the spectrum of genotypes associated with HNPCC.
Unpublished information regarding analytic validity is also available; it may be feasible to
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obtain information from commercial or private laboratories performing such testing. It may
also be possible to obtain data from the College of American Pathologists regarding their
MSI proficiency program once experience has accumulated. Experience with genetic testing
methods in other conditions is likely to be relevant to HNPCC; a review of such information
could be conducted by groups of experts on genetic testing techniques.

Additional studies are needed to clarify the validity of specific clinical and laboratory
predictors of HNPCC in patients with CRC who are representative of the general population
of patients with CRC.

Future studies should consider all forms of genetically based CRC cancer predisposition to
fully understand the effectiveness of various diagnostic strategies. Such studies should
consider all known genetic causes of cancer predisposition and the accuracy of clinical and
laboratory testing in identifying these disorders in individuals who are representative of the
general population.

Additional studies are needed to establish the availability of genetic testing centers that can
provide adequate counseling and whether there are barriers to access them. Such studies may
involve electronic, mail, or telephone surveys.

More studies are needed to understand what forms of surveillance should be offered to MMR
mutation carriers for HNPCC-related cancers other than CRC. Well-designed controlled
trials comparing various surveillance (or other management) strategies could be helpful.

More studies are needed to clarify the risk of cancer in family members of probands with an
HNPCC-related cancer who are found to carry MMR mutations. Such studies would ideally
be prospective, fully account for interventions (such as cancer screening procedures) in those
at-risk, and have a well-defined control population of individuals at average risk for cancer.

Standards for reporting studies of genetically based diseases (including those addressing all

aspects of the ACCE model) should be developed. A consensus development process with
publication of a guideline(s) could be helpful.
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Chapter 1. Introduction

Background

Individuals with a familial predisposition to cancer pose an increasing challenge for
healthcare systems hoping to provide state-of-the-art care. Optimal strategies for recognizing
them, performing (and interpreting) genetic testing, and preventing cancers in at-risk family
members have not been well established when considering overall benefits, harms, and costs.
The challenges involved will likely become increasingly complicated with advances in
understanding of the molecular genetics underlying cancer risk. In this report, we attempt to
clarify many of these issues for one form of hereditary cancer (hereditary nonpolyposis
colorectal cancer).

This evidence review is based upon a systematic review of the literature. The Key Questions
that it addresses were proposed by the Agency for Healthcare Research and Quality (AHRQ) on
behalf of the Centers for Disease Control and Prevention (CDC) Evaluation of Genomic
Applications in Practice and Prevention (EGAPP) Project. EGAPP is a three-year model project
developed by CDC’s Office of Genomics and Disease Prevention to address the increasingly
urgent need for timely and objective information that will allow health care providers,
consumers, policy makers, and payers to distinguish tests that are safe and useful, and to guide
their appropriate use in practice.

Hereditary Nonpolyposis Colorectal Cancer (HNPCC) can be defined clinically or
genetically as will be described below. As a genetic disease it is inherited as an autosomal
dominant disorder (with variable penetrance) and is caused by mutations in DNA mismatch
repair genes. HNPCC is associated with a substantially increased risk for several forms of
malignancy but particularly colorectal and endometrial cancer'™ (see Table 1).

Table 1. Lifetime cancer risk in HNPCC

Cancer HNPCC General
% Population
%
Colorectal 80-82 5-6
Endometrial 50-60 2-3
Gastric 13 1
Ovarian 12 1-2
Small bowel 1-4 0.01
Bladder 4 1-3
Brain 4 0.6
Kidney, renal pelvis 3 1
Biliary tract 2 0.5

From Chung, DC. Ann Intern Med 2003; 138:560; HNPCC: Refers to individuals with Lynch Syndrome.

The disorder has also been referred to as the “Lynch syndrome” in recognition of Henry
Lynch, who in 1966 first described familial aggregation of colorectal cancer with gastric and
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endometrial cancer in two large kindreds (although it was first reported by the eminent
pathologist Aldred Warthin in 1913).* Lynch I syndrome (also referred to as HNPCC I) refers to
kindreds in which colorectal cancer predominates, while Lynch II syndrome (HNPCC II) refers
to kindreds who also have extracolonic tumors. The Muir-Torre syndrome (sebaceous gland
tumors with or without keratoacanthomas associated with visceral malignancy) and Turcot
syndrome (HNPCC-related tumors associated with glioblastoma multiforme) describe additional
subsets of HNPCC with tumor types that appear to cluster in affected families. These
distinctions have become less clear as more families have been studied, and as a result, these
clinical classifications are being supplanted by genetic classification.”” The most common
mismatch repair mutations associated with HNPCC are MLH1 and MSH2 (which together are
believed to account for about 80 percent of cases) while MSH6 and PMS2 are less common.’

The precise cancer burden due to HNPCC has not been well defined. However, a germline
mismatch repair mutation associated with HNPCC has been described in 1-5% of patients
diagnosed with colorectal cancer in various reports.®'? Thus, HNPCC accounted for
approximately 1400 to 7300 cases of colorectal cancer in 2005 in the United States based upon
the overall estimate of 145,290 new cases of colorectal cancer.'® Similarly, approximately 0.5-
2% of patients with endometrial cancer has a history compatible with HNPCC.'*'* More than 1
in 3100 people between the ages of 15 and 74 are estimated to carry a defective DNA mismatch
repair gene associated with HNPCC and thus are at risk for developing an HNPCC-related
cancer.'®

The recognition of a heightened cancer risk in carriers of mismatch repair mutations provides
hope for offering screening, intensive surveillance or other measures (such as colectomy or
hysterectomy) aimed at reducing the risk that cancer will develop. Furthermore, identification of
a specific gene defect allows for testing of family members potentially sparing them the worry,
bother, and expense associated with lifelong cancer surveillance if they do not carry the
mutation. Notably, HNPCC has been excluded in 97 living members of the original family
described by Henry Lynch based upon genetic testing.'”

However, many uncertainties remain on the sequence of events that should occur in selecting
patients with cancer to undergo testing for HNPCC and the spectrum of implications that
screening, surveillance, and other management strategies have on affected patients and their
families. The following summarizes many of these issues, while outlining those that are the
subject of this report.

The framework for this report begins with patients with colorectal cancer, and explores the
issues of screening and testing patients with colorectal cancer, identifying, counseling and testing
at-risk family members, and the benefits and harms of subsequent management options for the
probands and family members. We evaluate these issues from the perspectives of the patient,
caregiver, family member, and policy-maker. The analytic framework is described in further
detail in Chapters 2 and 3.

Who Should be Screened?

Screening for HNPCC has been most widely advocated in patients with colorectal cancer
while there is much less information about screening in patients with other forms of HNPCC-
related cancers. This report focuses only on colorectal cancer. However, recognition of HNPCC
may also be possible in patients presenting with other HNPCC-related cancers. In one study, for
example, one-half of women with HNPCC (defined by the Amsterdam criteria) presented with
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endometrial cancer.'® It may also be feasible to identify an HNPCC kindred from individuals
without a personal family history of an HNPCC-related cancer by obtaining a detailed family
history.

Several studies have described estimates of the proportion of patients with colorectal cancer
who have a mismatch repair mutation, fulfill clinical criteria for a familial cancer predisposition,
or have clinical (e.g., tumor location or histology) or laboratory (e.g., abnormal staining for
mismatch repair proteins [[HC] or microsatellite instability [MSI]) characteristics of their tumor
tissue that suggest the diagnosis. In this report, we evaluate such studies in detail to produce
estimates of these parameters and attempt to explain variability across studies to an extent
possible. These parameters are important for defining cost-effective pathways for evaluating
patients with colorectal cancer for HNPCC and caring for family members."” However, this
report does not include a formal cost-effectiveness analysis.

How Should HNPCC be Defined?

The definition of HNPCC continues to evolve. Some authorities consider HNPCC to
represent a superset of individuals with a mismatch repair mutation of whom a subset is
considered to have the familial cancer clustering described by Henry Lynch. Such an approach
recognizes the uncertainty that remains regarding the penetrance of cancer in carriers of
mismatch repair mutations; the risk of cancer in a family with Lynch Syndrome may be
substantially different compared with the risk associated with a mismatch repair mutation alone
without such a history.*

A different view is that Lynch Syndrome represents a description of familial cancer
clustering, a subset of which is caused by mismatch repair mutations. Patients with familial
clustering of HNPCC-related cancers but without a mutation may have a different form of
hereditary cancer (e.g., cancers caused by mutations in the MYH gene)*' while others may have
HNPCC caused by a mismatch repair mutation that was not sought, or from a false negative
result of testing. These distinctions are important because they identify subgroups of patients
with variable cancer risk, and they may influence how family members are screened and
subsequent surveillance strategies. For example, at least one report suggested that families who
fulfill the Amsterdam criteria for Lynch syndrome (described below), but do not have an
identifiable mismatch repair mutation, might be at lower cancer risk compared with those in
whom a mutation is identified.”

An advantage of this view is that it establishes a reference standard for Lynch syndrome that
is relatively more objective than one based upon a clinical definition. For example, it may be
possible to establish the diagnosis of HNPCC in a proband with colorectal cancer who does not
fulfill classical criteria for Lynch syndrome. In addition, a genetically based reference standard
provides a framework for calculating sensitivity, specificity and predictive values of various
predictors of mismatch repair mutation that might be useful in selecting patients for genetic
studies (see Table 2).
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Table 2. 2x2 table for test characteristics when considering the presence of a mismatch repair mutation as
the reference standard

Patients with Colorectal Cancer Pathogenic Mismatch Repair
Mutation
Test Detected Not detected
Microsatellite instability
Abnormal immunohistochemistry | Positive A B

Amsterdam Criteria |
Amsterdam Criteria Il
Bethesda Guidelines
Revised Bethesda Guidelines Negative C D
Other

As will be described further in the methods section, in this report we take both views on
HNPCC depending upon which Key Question is being addressed. For questions related to the
test characteristics of predictor tests (such as clinical criteria or laboratory tests of tumor tissue
described below), HNPCC can be defined as the presence of a pathogenic mismatch repair
mutation in a patient with an HNPCC-related mutation (see Table 2). In this model, test
characteristics depend upon how comprehensively mutation testing (e.g., the number of
mismatch repair mutations tested and methods of testing, and the accuracy of the specific
laboratory methods used), and predictor tests on tumor tissue (e.g., the quality of IHC analysis
and the specific methods used to determine MSI status) were carried out and whether a mutation
was known to be pathogenic. We describe the type of testing performed in all studies included in
this report and provide a general description of how they are used in Chapters 2 and 3.

Not all mismatch repair mutations that can be identified using modern genetic testing are
known to be pathogenic, leaving some uncertainty as to whether a mismatch repair mutation
found in a patient with an HNPCC-related cancer is responsible for the increased cancer risk.
The strongest evidence that a mutation is pathogenic is when its presence correlates strongly with
the clinical expression of the disease. A mutation may also be considered pathogenic when its
predicted protein sequence is expected to lead to a dysfunctional protein. In this report, the
methods by which the authors attempted to define pathogenic mutations (if at all) were recorded
for all eligible studies.

However, in some cases, the observed genotype has an unclear relationship to the clinical
expression of the disease. Thus, even under the best of circumstances, genetic testing may
produce an ambiguous result, making it unclear how the patient and their family should be
counseled.’

Test characteristics are also vulnerable to several other features of study design, particularly
selection bias, spectrum effects and verification bias, potentially helping to explain the variable
results that have been described in the literature. In this report, we attempt to define these issues
clearly to permit valid comparisons among studies. For example, a study applying clinical
criteria to an unselected, consecutive population of patients with colorectal cancer may produce
substantially different estimates of the accuracy of the Amsterdam criteria compared with a study
enrolling patients who were referred to a tertiary care medical center because of multiple
occurrences of cancer in the family. The latter group would be expected to have a higher
prevalence of HNPCC and correspondingly better predictive values for the Amsterdam criteria.

In considering a clinical diagnosis of Lynch syndrome, sensitivity can also be defined as the
proportion of patients with Lynch syndrome (defined by the Amsterdam criteria) with a specific
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predictor (see Table 3). Specificity would be the proportion of unselected patients with colorectal
cancer in whom these predictor variables are present.

Table 3. 2x2 table for test characteristics when considering Amsterdam criteria | as the reference standard

Patients with Colorectal Cancer Lynch syndrome
(Amsterdam criteria )
Test Present Absent
Microsatellite instability
Abnormal Positive A B
immunohistochemistry
Negative C D

However, this view permits only a limited understanding of the sensitivity or specificity of
clinical criteria used to screen patients for HNPCC since many such criteria are included in the
Amsterdam criteria. Nevertheless, the proportions determined using a clinical or genetic
reference standard for HNPCC are complementary since they all describe relationships among
predictor test, mutations, and the clinical syndrome of familial cancer clustering.

Identifying HNPCC in Patients With Colorectal Cancer

Most patients with colorectal cancer do not have a mismatch repair mutation making it
impractical to consider universal genetic testing, especially when considering the cost (about
$3,000 for comprehensive mutation testing).” As a result, several strategies have been proposed
to identify patients who should undergo additional testing. As a general rule, these have been
based either upon clinical criteria, predictive laboratory testing of tumor tissue, or a combination
of both. Statistical models incorporating these approaches have also been proposed.'’ These
approaches can be characterized quantitatively by determining their sensitivity, specificity and
predictive values as described above.

In this report, we attempt to understand test characteristics of various approaches to
identifying HNPCC in patients with colorectal cancer. We used these parameters to develop
models (based upon decision-analysis) that explore different strategies for recognizing patients
who carry the mutations.

Clinical Criteria That Suggest the Diagnosis

The recognition that certain types of cancers cluster in families with HNPCC and that cancer
develops at relatively early ages compared with the general population provided the rationale for
development of criteria that could be used to aid in the diagnosis. Two sets of criteria (the
Amsterdam criteria and Bethesda guidelines) developed by a consensus of experts, have been
most widely accepted and best studied, although many similar criteria have been proposed.***
Both have been revised since their initial development.*®?” These criteria have applied by
healthcare providers and genetic counselors during interviews with the patient and/or their family
and/or with assistance of written documents such as a survey.
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The Amsterdam criteria (see Table 4) were designed to establish the diagnosis of HNPCC
based upon familial clustering of HNPCC-related tumors. As described above, some authorities
consider the Amsterdam criteria as the formal description of Lynch syndrome.

Table 4. Original and revised Amsterdam criteria

Original (Amsterdam )

e Atleast 3 relatives with colorectal cancer, one of
whom must be a first degree relative of the other
two

e Involvement of 2 or more generations

e Atleast 1 case diagnosed before age 50

e Familial adenomatous polyposis has been
excluded

Revised (Amsterdam 1)
At least 3 relatives with HNPCC-associated cancer
One should be 1st degree relative of other two
At least 2 successive generations affected
At least 1 diagnosed before age 50
Familial adenomatous polyposis excluded
Tumors should be verified by pathologic examination

By contrast, the Bethesda guidelines (see Table 5) were designed to help predict which
patients with colorectal cancer are likely to have a mismatch-repair mutation and should thus
undergo further testing. However, both the Amsterdam criteria and Bethesda guidelines have
been studied for predicting the presence of mismatch repair mutations. The Amsterdam criteria
are much stricter than the Bethesda guidelines and thus have lower sensitivity but higher
specificity. The Bethesda guidelines are also more applicable in small families.

Table 5. Original and revised Bethesda guidelines

Qriginal

Revised

Individuals with cancer in families that meet the
Amsterdam criteria

Patients with two HNPCC-related cancers, including
synchronous and metachronous colorectal cancer or
associated extracolonic cancers (endometrial, ovarian,
gastric, hepatobiliary, small bowel, or transitional cell
carcinoma of the renal pelvis or ureter).

Patients with colorectal cancer and a first-degree
relative with colorectal cancer and/or HNPCC-related
extracolonic cancer and/or a colorectal adenoma with
one of the cancers diagnosed before age 45 years, and
the adenoma diagnosed before age 40 years.

Patients with right-sided colorectal cancer having an
undifferentiated pattern (solid/cribriform) on
histopathologic diagnosis before age 45 years.
Patients with signet-ring cell type colorectal cancer
diagnosed before age 45.

Patients with adenomas diagnosed before age 40.

e Colorectal cancer (CRC) diagnosed in a
patient <50

e  Presence of synchronous, metachronous
colorectal or other HNPCC-associated
tumors regardless of age

e  CRC with the MSI-H-like histology
diagnosed in a patient less than 60

e CRC diagnosed in a patient with one or
more 1st degree relatives with an HNPCC-
related tumor, with one of the cancers
being diagnosed under age 50

e CRC in a patient with two or more 1st or
2nd degree relatives with HNPCC-related
tumors, regardless of age

Although the Bethesda guidelines and Amsterdam criteria continue to be used widely,
several studies evaluating them (both the original and revised) have underscored the limitations
of their accuracy in predicting the presence of mismatch repair mutations.'"'>?**%%° A 2006
review of the literature reported that the sensitivity of the original Amsterdam criteria ranged
from 54 to 91%.” Such a wide range of estimates leaves substantial uncertainty as to the role of
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the Amsterdam criteria as a screening test for mismatch repair mutations. As described, above,
there are many potential explanations for the variability across studies. In this report, we attempt
to clarify important differences across studies that may help explain the variability.

In addition to the limitations regarding their predictive accuracy, there are practical problems
with policies based on the implementation of these clinical criteria. Patients’ report of the family
history may not be accurate, particularly for cancers other than colorectal that are potentially
related to HNPCC.* Issues of uncertain paternity may also be relevant in some families while
some families may be too small (or have insufficient contact among family members) to obtain a
clinically meaningful family history. In addition, the criteria are not always remembered or
practical to obtain; as a result many caregivers (including oncologists) fail to obtain a detailed
family history, and among those who do, many do not act appropriately upon it.0-!

Testing All Cancers Regardless of the Family History

Because of the limitations of relying on clinical criteria to guide testing, some authorities
have proposed that tumors from patients with colorectal cancer be evaluated for markers of
HNPCC regardless of the family history.*** One of the largest studies evaluating this approach®
included 1066 patients with colorectal cancer whose tumors were tested for MSI. Patients with
suggestive MSI results were tested for germ-line mutations in the mismatch repair genes (MSH2,
MLH1, MSH6, and PMS2) by IHC, genomic sequencing, and deletion studies. A mutation
causing HNPCC was detected in 23 patients (2.2 percent) of whom ten were older than 50 and
five did not meet the Amsterdam criteria or Bethesda guidelines.

These data suggest that the Amsterdam or Bethesda criteria alone may miss as many as 22
percent of patients with HNPCC. However, only five additional individuals from the cohort of
1066 subjects (one-half of 1 percent) would have been identified by routine molecular analysis of
all colon cancers fulfilling the Bethesda criteria, making such an approach impractically
expensive for routine clinical use. Furthermore, the detailed laboratory analysis the authors
performed on tumor tissue is not widely available. Despite these considerations, we include a
strategy of testing all patients with colorectal cancer for mismatch repair mutations for
comparison against alternative strategies.

Combinations of Family History and Laboratory Testing

Most expert guidelines on HNPCC suggest a combination of sequential laboratory testing in
patients who fulfill the Amsterdam criteria or Bethesda guidelines to minimize costs and
maximize test accuracy.'™ Approaches based on such a strategy have been considered to be
cost-effective.'”** However, the exact methods and order of testing are unsettled. Proposed
strategies include initial testing of tumors for MSI with or without IHC for loss or expression of
mismatch repair proteins, with germline gene sequencing reserved for patients with suggestive
results. Certain histologic features of HNPCC-related tumors may also raise clinical suspicion,
but none is sufficiently specific to establish the diagnosis.*>~® One report identified a specific
oral manifestation (Fordyce granules) as highly predictive of mismatch repair mutations, but this
observation has not yet been confirmed.”’” Several other strategies for selecting patients for
genetic testing have been described, but none has been widely adopted. Thus, this report focuses
mainly on the predictive accuracy of testing tumor tissue for MSI and THC.
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Microsatellite instability occurs as a result of “slippage” of DNA polymerase during DNA
replication of microsatellite DNA sequences (short dinucleotide or mononucleotide repeats).'
These are normally repaired by DNA repair mechanisms. In the presence of deficient mismatch
repair functions (such as in HNPCC) these errors are not corrected, leading to a state that is
referred to as microsatellite instability. The United States National Cancer Institute (NCI) defines
the MSI-high (MSI-H) when two of five microsatellite markers from a standard panel display
instability and the MSI-low phenotype when only one marker is unstable. Tumors without
instability are labeled as microsatellite stable (MSS).

The NCI panel has been widely adopted in recent years, although some centers use additional
or different markers. MSI-H tumors are generally more predictive of mismatch repair mutations
than MSI-low tumors. However, approximately 10 to 20 percent of spontaneous colorectal
cancer test positive for MSI-H, not all laboratories test for the full panel of microsatellite markers
suggested by the National Cancer Institute, MSI-testing is not widely available, and archived
tissue may not be readily available to perform such testing.

In some studies, MSI-H and MSI-L tumors are combined and compared to MSS, while in
others each category has been considered separately. In this report, we record the specific
methods used for determining MSI status and how tumors were categorized to permit valid
comparisons among studies.

THC techniques can identify the expression of mismatch repair proteins.”®** Testing for other
mismatch repair proteins has not been performed routinely, although it may be important in some
families. This approach is less costly than MSI testing and is technically much easier. Mutations
associated with HNPCC generally lead to the absence of a detectable gene product, although
some may lead to a dysfunctional protein that can still be detected (and hence cause a false
negative result).

Some studies have suggested that almost all tumors in which MSH2 or MLH2 is absent by
IHC demonstrate MSI-H, while approximately 8 percent of MSI-H tumors will demonstrate
retained immunostaining.®® However, the extent to which IHC and MSI correlate with one
another is not known precisely. Nevertheless, some authorities have proposed that IHC may be a
suitable alternative to MSI testing while others consider the two to be complementary. In this
report we attempt to clarify these issues by providing test characteristics of each approach used
alone or in combination.

Analytic Validity

As noted above, there are several laboratory methods used for predictive testing for mismatch
repair mutations and for genetic testing itself. The accuracy of these methods can be influenced
by several factors such as the definition of the reference standard, how tissue was collected and
processed, and the specific method by which it was analyzed. Laboratory errors (e.g.,
mislabeling of a specimen, contamination, incorrect interpretation of results) all weigh into
overall accuracy. These considerations have been collectively referred to as analytic validity.

A related issue is the reliability of testing (both within a laboratory and between
laboratories). In some clinical areas, reliability has been assessed by a method known as
“proficiency testing” in which samples of known positive and negative biological materials are
submitted blindly to a laboratory.*’ Results can be used to determine sensitivity, specificity, and
reliability. Proficiency testing for MSI became available in the United States in 2006.
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In this report we attempt to define analytic validity and reliability of the predictive laboratory
tests (i.e., IHC and MSI) and genetic testing methods. However, there are several limitations to
attempting to assess these parameters using a literature-based approach:

e The literature search was based upon HNPCC, not the specific laboratory techniques, thus
limiting the pool of potentially relevant studies.

e Many of the techniques described in the literature are experimental or old and thus do not
reflect contemporary methods.

e There is likely to be publication bias since information regarding reliability and accuracy of
the laboratory methods have been evaluated by individual laboratories or by manufacturers of
the testing methods.

e Because it can be difficult to establish a clear reference-standard, many studies attempting to
define analytic validity included the predictor tests in the reference standard, thereby making
the results of test characteristics uninterpretable.

We attempted to clarify these points both by adhering to strict criteria for literature selection
and in analyzing individual studies.

Benefits and Harms of Screening, Testing,
and Subsequent Management Strategies

Genetic testing for a cancer predisposition has profound implications for the affected patients
and their families. The genetic test results have the potential to prevent cancer in the affected
patient and their families, and may influence how patients with cancer are managed, but they can
also lead to harm from discrimination, the risks associated with surveillance strategies or other
interventions (such as colectomy or hysterectomy), and the psychological impact of recognizing
a cancer predisposition. These are issues that are common to all forms of genetically based
diseases and represent areas of intense study. In this report we critically evaluate the literature
exploring these issues in patients and their families with HNPCC from the perspective of the
affected patients, their family and from the point of view of providers and policy-makers.

Enthusiasm for genetic testing is based upon the belief that knowledge of the genetic basis
for a disease will allow for improved treatment and prevention. How these objectives can be best
achieved in the care of patients and families with HNPCC has not been well established. Few
high-quality studies have evaluated the effectiveness of screening strategies based upon the
results of genetic testing for HNPCC. It is generally agreed that patients undergoing genetic
testing should fully understand the implications of a positive and a negative result and the level
of certainty of a positive or negative result as a predictor of disease.*' The knowledge-base used
to counsel patients on these parameters is still evolving.

Correlation of genotypes with phenotypes in HNPCC is incompletely understood, as are the
corresponding implications for screening for HNPCC-related tumors. At least two studies™*’
and a cost-effectiveness analysis ° suggested a reduction in colorectal cancer and mortality from
colorectal cancer screening based upon results of genetic testing. However, the primary studies
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were not randomized and were vulnerable to selection bias. There is even less information
regarding the effectives of screening for other forms of HNPCC-related cancers (particularly
endometrial cancer).***’

The uncertain benefits must be balanced against the potential for harms, which include the
risks associated with screening procedures, the potential for false-positive results leading to
further, possibly unnecessary testing, and the psychological, social, and economic implications
from stigmatization. An observational study that included 16 HNPCC and HNPCC-like families
illustrated the difficulties that may be encountered when attempting to implement a program of
genetic screening and counseling.*® Problems encountered included lack of compliance,
ambiguous results of genetic tests, incomplete documentation of pathologic materials or medical
history, poor cooperation among family members and/or their physicians, patient fear and
anxiety and perception of insurance discrimination, and lack of knowledge among referring
physicians. Thus, the realities of implementing a program for testing patients with colorectal
cancer for HNPCC must be understood along with the full spectrum of implications of various
strategies for establishing the diagnosis and testing family members
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Chapter 2. Methods

Key Questions Addressed in This Report

The following Key Questions are addressed in this evidence report:

Key Question 1: Does risk assessment and HNPCC mutation testing in patients with newly
diagnosed CRC lead to improved outcomes for the patient or family members, or is it useful in
medical, personal, or public health decision making? (Over-arching question).

Key Question 2a: Assuming a clinical definition of the Lynch Syndrome, what proportion of
patients has a mismatch repair mutation?

2b: Assuming a clinical definition of the Lynch Syndrome, what proportion of patients has
MSI?

2c¢: Assuming a clinical definition of the Lynch Syndrome, what proportion of patients has
abnormal protein expression by immunohistochemistry?

2: How accurate are various predictors assuming a genetic definition of the Lynch Syndrome?

Key Question 3: What are the harms associated with screening high-risk individuals for
HNPCC?

Key Question 4: What is known about the analytic (sensitivity, specificity, reproducibility,
reliability) and clinical validity of tests that identify HNPCC mutations?

Key Question 5: What are the harms associated with screening for high-risk individuals

Key Question 6a: What are the management options for CRC patients who are HNPCC
positive?

6b: Does the identification of HNPCC mutations lead to improved patient outcomes in terms of
early detection, mortality/morbidity or management decisions (e.g., counseling, surveillance,
treatment, other decision making) by patients and providers?

Key Question 7: What are the harms associated with subsequent management options after
identification of HNPCC mutations in CRC patients?

Key Question 8a: What is the efficacy of pre-test genetic counseling for informing family
members of potential risks and benefits of testing?

8b: What is the accuracy of HNPCC testing in family members in predicting the risk of CRC?
8c: Do other factors, such as race/ethnicity, age, gender, or co-morbidities affect the accuracy of
the testing?

Key Question 9: What are the harms associated with informing/counseling family members or
with subsequent testing for HNPCC mutations?

27



Key Question 10a: What are the management options for family members of CRC patients who
have a positive HNPCC test?

10b1: Does the identification of HNPCC mutations lead to improved outcomes in terms of
decision-making by patients, family members and providers, or public health policy?

10b2: Does the identification of HNPCC mutations lead to improved outcomes in terms of early
detection and mortality/morbidity of patients, family members?

Key Question 11: What are the harms associated with subsequent actions or interventions for
family members?

These questions were formulated by EGAPP based upon an analytic model that begins with a
patient with CRC and proceeds to genetic testing of family members. They broadly reflected the
conceptual framework proposed by the ACCE Project from the Office of Genomics and Disease
Prevention at the Centers for Disease Control and Prevention (CDC). The aim of the project is to
develop a model system for assembling, analyzing, disseminating and updating existing data on
the safety and effectiveness of DNA-based genetic tests and testing algorithms (See
http://www.cdc.gov/genomics/gtesting/ ACCE.htm for details). ACCE takes its name from its
four components of evaluation—analytic validity, clinical validity, clinical utility and associated
ethical, legal and social implications. It is intended to provide a model process for evaluating
data on emerging genetic tests. The process includes collecting, evaluating, interpreting, and
reporting data about DNA (and related) testing for disorders with a genetic component in a
format that allows policy makers to have access to up-to-date and reliable information for
decision making. The CDC Office of Genomics and Disease Prevention has previously published
a mini review on HNPCC based upon the ACCE framework, which underscored the need for a
more comprehensive review (see http://www.cdc.gov/genomics/gtesting/ ACCE/fbr.htm).

Figure 1. Analytic framework that served as the basis of the key questions proposed by the CDC Office of
Genomics and Disease Prevention 2005

Screening for HNPCC in Newly Diagnosed CRC Patients and
Their Family Members
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The Key Questions were refined in several teleconferences with members of EGAPP and the
Technical Expert Panel (TEP), and following review of draft reports.

The Key Questions and subset questions were divided conceptually into three general
domains: clinical validity; analytic validity; and benefits and harms of screening, genetic testing
and various management strategies from the patient, family member, provider, and public health
perspectives. (Table 6) These domains were based upon overlapping concepts implied by the
Key Questions and reflect the core components of the ACCE model. Thus, Key Questions were
grouped according to the domain, and studies that addressed one of the three domains were often
relevant to more than one Key Question, but generally not to more than one domain.

Table 6. Summary of key questions

Domain Key questions addressed
Analytic validity 4
Clinical validity 2,2a,2b,2c

Benefits and harms (including clinical utility and associated ethical, legal and social 1, 3, 4, 5, 6a, 6b, 7, 8a, 8b, 8c, 9, 10a,
implications in the ACCE model) 10b1, 10b2, 11

We undertook the following steps in conducting this review:

e Performed an electronic search of the literature followed by review of relevant abstracts and
then full-text review of potentially relevant studies.

e Retrieved additional studies from bibliographies of retrieved citations and suggestions of the
TEP.

e Included or excluded studies based upon prespecified criteria.

e Identified duplicate reports of the same patients by comparing authors and study centers.
Data were included only once, except when duplicate studies reported complementary
information (e.g., data at one month and then one year).

e Developed data extraction forms for each domain (i.e., three data extraction forms) and tested
them until we achieved consensus on the meaning of the data elements in each extraction
form.

e Evaluated each study critically according to quality criteria described below.

e Verified all data with at least two extractors.

e Summarized data in tables that addressed specific Key Questions (or groups of Key
Questions) that corresponded to the three domains described above. Because only a few

studies addressed analytic validity, we described them in the text of the report rather than in
tables.
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e Reviewed drafts of the summary tables with members of the TEP.

e Pooled data where studies used similar methodology and definition of endpoints using meta-
analysis to provide a point estimate and 95% confidence interval, mainly for questions
pertaining to clinical validity. We performed multiple sensitivity analyses to explore possible
explanations when studies demonstrated statistically significant heterogeneity.

e Constructed models depicting various strategies for identifying HNPCC among patients with
colorectal cancer using decision trees. The models were based upon parameters estimated
from data presented in this report.

e Prepared a draft report, which underwent peer review and addressed each comment in a
revised final report.

Literature Search Strategy

We conducted a literature search of MEDLINE® using PubMed on January 10, 2006. We
used MEDLINE® subject headings and text words to capture relevant English language
publications of human studies. Additional sources of potentially relevant studies included
technical experts and hand searching of bibliographic references of reviews. An automatic
updated search results from PubMed was received on April 1, 2006 after which additional
studies were included only if the investigators or TEP considered them to provide substantive
new information that might influence the conclusions (see Appendix A*).

We reviewed all abstracts for their relevance to the Key Questions and retrieved the full-text
article of potentially relevant citations. We reviewed bibliographies of studies included in the
report (as well as previous review articles or meta-analyses, which were not included) to identify
additional citations, all of which were retrieved for review. We identified duplicate reports of the
same patients by comparing authors and study centers. Duplicate reports were excluded unless
they provided complementary information (such as outcomes at different time points) in which
case they were considered together.

Inclusion/Exclusion Criteria and Data Extraction

We applied prespecified inclusion and exclusion criteria in considering each study. The
criteria corresponded to the three domains described above.

Studies Related to Analytic Validity

We required the following for studies of analytic validity:

e The study evaluated biological material from patients with colorectal cancer considered to be
at risk for HNPCC. This criterion was selected to choose studies evaluating laboratory
techniques that were directly applicable to the spectrum of genotypes associated with

" Appendixes cited in this report are provided electronically at http://www.ahrq.gov/clinic/tp/hnpcctp.htm
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HNPCC. We did not consider it feasible to conduct a systematic review on the individual
laboratories tests used for other conditions.

e Reported any of the following (these criteria were selected to choose studies evaluating the
most common tests performed in HNPCC):

1. Proportion of tumors that were MSI-H with National Cancer Institute (NCI) panel of
markers (i.e., BAT-25, BAT-26 D2S123, DS346 and D17S250) versus other markers

2. Sensitivity or specificity of MSI-H using NCI markers compared with a reference
standard that the study claimed was better

3. Sensitivity or specificity of IHC compared with an immunohistochemical standard
that study claimed was better

4. Sensitivity or specificity of a genetic technique compared with a reference standard
(or combination of standards)

5. Reliability of MSI, IHC or genetic methods across laboratories or within a laboratory.

e Data were extractable into 2x2 tables.

We excluded studies that included the index test in the reference standard. For example,
some studies attempted to calculate sensitivity of a specific NCI MSI marker by comparing it
with a reference standard that included the marker plus additional markers. Such an approach
produces an invalid estimate of sensitivity since the calculation includes the index test (i.e., the
specific NCI marker) in the numerator and the denominator.

Studies Related to Clinical Validity

We required all three of the following criteria to be met for studies of clinical validity with
extractable data:

e Enrolled patients with colorectal cancer

e Compared an index test to genetic testing (at least one of the following: suggestive family
history, MSI, or IHC)

e Sought mutations using DNA sequencing (or other similar genetic approaches) for a
minimum of MLH1 and MSH2.

HNPCC has been defined clinically and genetically as described in Chapter 1. We used both
approaches depending upon which Key Questions were being addressed. In all cases, the
definitions used are described explicitly in the tables and figures.

Key Questions 2a-2c¢ focus on the prevalence of MMR mutations, suggestive MSI or ICH
among patients with a clinical definition of HNPCC. We defined Lynch Syndrome I and Lynch
Syndrome II using the Amsterdam I and II criteria, respectively. Studies that reported this
proportion or provided sufficient data for it to be calculated were eligible.

We required that studies evaluated all available patients who fulfilled the Amsterdam criteria
or a representative (random) sample thereof. We excluded studies that did not evaluate all
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patients because they selected a non-random patient sample (e.g., patients who fulfilled the
Amsterdam criteria who were also younger than a certain age).

Key Question 2 pertains to the predictive accuracy of clinical or laboratory features for
determining the presence of mismatch repair mutations. We assessed the performance of
different clinical and laboratory predictors (preliminary tests) to identify carriers of MMR gene
mutations. We considered all studies that provided relevant data. When the primary study
reported proportions rather than actual counts, we reconstructed the 2x2 tables using the
information conveyed by the proportions and their 95% confidence intervals.

We analyzed the following predictors:

Laboratory predictors:
1. MSI high versus MSI stable.
2. MSI high and low versus MSI stable.
3. Suggestive IHC versus non suggestive IHC.

Clinical predictors specified a priori:
1. Amsterdam I criteria fulfilled versus not fulfilled.
Amsterdam II criteria fulfilled versus not fulfilled.
Modified Amsterdam criteria fulfilled versus not fulfilled.
Bethesda guidelines fulfilled versus not fulfilled.
Revised Bethesda guidelines fulfilled versus not fulfilled.
Young age of onset (<50 years) versus later age of onset .
Presence of CRC or HNPCC related cancer in first degree family versus sporadic
CRC cases.
8. Presence of CRC or HNPCC related cancer in family (any definition) versus sporadic
CRC cases (irrespectively of how they were selected).

Nownbkwbd

Clinical predictors specified a posteriori:
9. Presence of multiple tumors in a CRC proband versus probands without multiple
tumors.
10. Presence of young age of onset (<50 years) or suggestive family history of cancer or
multiple tumors in a CRC proband (i.e., predictors #6 or #7 or #8) versus absence of
all three characteristics.

We focused only on patients with CRC who received at least some form of genetic testing to
minimize the effects of verification bias. Verification bias occurs when patients with a negative
test result are not evaluated with the reference test.*’ We generally did not accept screening with
MSI or IHC as a substitute for genetic testing. A single exception pertained to studies assessing
clinical predictors among newly diagnosed, unselected, non-referral CRC, because this was of
particular clinical importance and there were few studies available for analysis. For such studies
we accepted the authors’ assumption that patients who were not tested for mutations based on
MSI and THC test results were indeed mutation negative.
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Studies Related to Benefits and Harms

For studies related to benefits and harms, we accepted studies of virtually any design and
using any definition of HNPCC that reported any outcomes or other findings pertinent to patients
or families with HNPCC, or provided insights into these issues from a public health perspective.
We did not confine our inclusion criteria to studies of patients with colorectal cancer even
though this report focuses on patients with colorectal cancer. Benefits and harms of genetic
testing, counseling and other management approaches are pertinent to the full spectrum of
tumors associated with HNPCC. For example, a woman with colorectal cancer who is found to
have HNPCC is at risk for other forms of HNPCC-related cancer (such as endometrial cancer).
Thus, the benefits and harms related to genetic testing may not only be relevant to clinical issues
related to colorectal cancer management (and prevention of metachronous cancers) but also
management (and prevention) of other HNPCC-related cancer in the patient or her family
members. We expanded the scope of all pertinent Key Questions to provide as comprehensive a
view on these issues as possible.

Although we attempted to be as comprehensive as possible in including studies related to
benefits and harms, we occasionally encountered studies that did not report any outcomes or
other findings that appeared to be relevant to the Key Questions and thus excluded them. As
noted above, the reasons that specific studies were excluded are summarized in the Appendix D",
List of Excluded Studies.

Evaluation of Study Quality

We evaluated the quality of each study based upon multiple quality features. Evaluation of
study quality is a complex process since there is no established method that can comprehensively
describe all features that are pertinent to the validity of a study. The included studies varied in
the rigor with which they were designed, conducted, analyzed, and reported. Deficiencies in any
of these areas can lead to biased reporting and interpretation of results.

Furthermore, the quality of a study and its applicability are not always related; a study that is
considered to be of relatively low quality may be more applicable to a specific question (i.e.,
answers it directly) than a study of higher quality. In addition, assessment of quality is based
upon information reported and not necessarily how the study was conducted since there may be
omissions or editorial constraints in the published manuscript.

We hoped to critically assess the quality of each study and to present studies based upon their
applicability to each Key Question. Thus, we attempted to feature studies that answered Key
Questions most directly and reported a composite quality score (A, B or C, described below) to
allow comparison among studies. We based the composite quality score upon an overall
assessment of the degree to which individual elements describing study quality were fulfilled and
the implications of those that were not. There was an element of judgment for the final scoring of
each study but we attempted to be as consistent as possible.

The composite quality scores are helpful for giving a shorthand, qualitative appraisal of the
overall study quality, but they do not necessarily reflect particular deficiencies or strengths that
might be important for fully understanding the results of the study or interpreting the body of
knowledge. Thus, strengths and weaknesses of individual studies might be important when

" Appendixes cited in this report are provided electronically at http://www.ahrq.gov/clinic/tp/hnpcctp.htm
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considering their validity and relevance for specific Key Questions. We attempted to highlight
study features that we considered to be most relevant while making comments as to specific
deficiencies to allow readers to have a view on this that was transparent and succinct. The
components of the individual quality scores for each study are available in Appendix C’.In
addition, important features of each study are summarized in the tables included in the body of
the text following each Key Question to allow for easy comparison among them.

We used the composite quality score formally for sensitivity analysis, mainly for studies of
clinical validity to determine whether study quality correlated with test characteristics. For
example, we determined whether sensitivity and specificity were better for high compared with
low quality studies.

The quality criteria selected for this report (summarized below) were based upon discussions
with the TEP and quality elements that have been proposed to be relevant for the specific types
of studies that we included. All investigators discussed details of the meaning of each quality
element to help assure that they were applied uniformly. Investigators discussed the quality of
individual studies whenever there were questions related to the overall score that the study
should receive until consensus was achieved.

The Tufts-NEMC EPC has used similar systems for several other evidence reports.
However, it must be acknowledged that the reliability and validity of quality scoring systems
used for S}Aftgtematic reviews, including the one used for this report, have not been extensively
evaluated.

Table 7. Interpretation of overall quality grading of individual studies

Grade Explanation for quality scoring

A Most or all of the criteria are fulfilled and the conclusions of the study would be very unlikely to be affected by those
that are not.

B Some of the criteria are fulfilled and the conclusions of the study would be unlikely to be affected by those that are not

C Few or no criteria were fulfilled and the conclusions of the study would be thought likely or very likely to be altered by
multiple omissions in the required criteria for an acceptable study

We used the following approach for grading studies related to clinical validity. These criteria
were adapted, in part from the Centers for Disease Control and Prevention and the QUADAS
tool for assessing diagnostic test accuracy.**°

" Appendixes cited in this report are provided electronically at http://www.ahrq.gov/clinic/tp/hnpcctp.htm
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Table 8. Quality criteria used to characterize studies of clinical validity

not fulfill clinical criteria or those who did or did not have MSI) included in each batch analyzed?
(i.e., this helps minimize the effect of random errors.)

[tem Criteria Yes | No | Un-
clear
General quality criteria _
1 | Were unselected patients with CRC included (i.e., were representative of patients seen in clinical
practice not selected based upon a suggestive family history or other criteria that may cause
selection bias)?
2 [ Inclusion criteria clear? [
3 | Did the whole sample or a random selection of the sample (i.e., total population of patients with
CRC) receive verification using gene sequencing?
4 | Were the results of IHC or MSI or other predictors interpreted without knowledge of the results of
sequencing (i.e., was there blinding)?
5 | Were the results of sequencing interpreted without knowledge of the results of the index test
results (i.e., was there blinding)?
6 | Did authors describe how uninterpretable or intermediate results were analyzed (e.g., badly
stained tissues etc)?
7 | Were withdrawals from the study explained?
8 | Did the authors report AND analyze results for deleterious MMR mutants?
Additional relevant quality items _
9 | Was the description of how MSI or IHC or other predictors described in sufficient detail that others
could replicate it (e.g., either a full description or relevant references)?
10 | Did authors describe what specimens were tested (e.g., blood, tumor tissue etc.)?
11 | Was MSI, IHC, sequencing or other testing performed at a similar time interval between specimen
collection and processing for all subjects evaluated?
12 | Was there a clear description of which mismatch repair mutations were being tested for?
13 | Was there a clear description of percentage of eligible subjects for whom valid genotypic data
were obtained across study groups (e.g., the proportion of patients who fulfilled and did not fuffill
clinical criteria or those who did or did not have MSI who underwent sequencing.... i.e., avoid
verification bias)?
14 | Were quality control methods described for the molecular and genetic tests?
15 | Did the authors attempt to address the reproducibility of results (reliability of tests)?
16 | Did the authors specify that samples from each group of subjects (e.g., those who fulfilled and did

We used the following quality criteria for studies related to analytic validity. These criteria

were adapted from those proposed by the Centers for Disease Control and Prevention.*
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Table 9. Quality criteria used to characterize studies of analytic validity

Study quality

Yes

No

unc

1 | Was the description of how MSI or IHC and other genetic techniques described in sufficient detail that
others could replicate it (e.g., either a full description or relevant references)?

2 | Did authors describe what specimens were tested (e.g., blood, tumor tissue etc.)?

3 | Was MSI, IHC, other genetic testing performed at a similar time interval between specimen collection
and processing for all subjects evaluated?

4 | Was there a clear description of which mismatch repair mutations were being tested for?

5 | Were quality control methods described for the molecular and genetic tests?

6 | Did the authors attempt to address the reproducibility of results (reliability of tests)?

7 | Did the authors specify that samples from each group of subjects (e.g., those who fulfilled and did not
fulfill clinical criteria or those who did or did not have MSI) included in each batch analyzed? (i.e., this
helps minimize the effect of random errors).

8 | Was microdissection (technique for removing only tumor tissue from gross specimen) performed?

9 | Did the study specify whether the biological tissues were from patients known to have HNPCC
clinically?

10 | Did the study include a control group in which biological material was obtained from patients known

not to have HNPCC clinically

We used the following quality criteria for studies related to benefits and harms. These criteria
were adapted from the Cochrane Collaboration Handbook for Systematic Reviews of Health

Promotion and Public Health Interventions for Evaluation of Studies Related to Public health.”!
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Table 10. Quality criteria for studies on benefits and harms

Domain/question Place an “X” in one Overall rating

Selection bias A B C
(strong) | (moderate) | (weak)

Are individuals selected to Very likely | Somewhat likely Not
participate likely to be likely
representative of target
population?

What % of selected 80-100 60-79 <60 ND NA
individuals agreed to
participate?

Allocation bias A B c
(RCTs only, for quasi- (strong) | (moderate) | (weak)
experimental, case-
control/before/after,

no control group or other
skip to “Confounders”)

Is the method of random Yes No
allocation stated?

If the method of random Yes No
allocation is stated, is it
appropriate?

Was the method of random Yes No
allocation reported as
concealed?

Confounders A B C
(strong) | (moderate) | (weak)

Prior to the intervention, Yes No Can't
were there between group tell
differences for important
confounders reported in the
paper?

If there were differences Yes No NA
between groups for
important confounders,
were they adequately
managed in the analysis?

Were there important Yes No
confounders NOT reported
in the paper (describe
above under quality score)?

Blinding A B c
(strong) | (moderate) | (weak)

Was (were) the outcome Yes No ND NA
assessor(s) blinded to the
intervention or exposure

status of the participants?

Data collection methods A B C
(strong) | (moderate) | (weak)

Were data collection tools Yes No
shown or are they known to
be valid?

Were data collection tools Yes No
shown or are they known to
be reliable?
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Table 10. Quality criteria for studies on benefits and harms (continued)

Domain/question Place an “X” in one Overall rating
Withdrawals and A B c
dropouts (strong) | (moderate) | (weak)

Indicate the % of 80-100 60-79 <60 ND NA
participants completing the
study. (If the % differs by

groups, record the lowest).

Analysis A B c
(strong) | (moderate) | (weak)

Is there a sample size Yes Partially No

calculation or power

calculation?

Is there a statistically Yes No ND

significant difference

between groups?

Are the statistical methods Yes No ND

appropriate?

Indicate the unit of Community | Organization/group | Provider | Client | Institution
allocation

Indicate the unit of analysis | Community | Organization/group | Provider | Client | Institution
If the unit of allocation and Yes No NA

analysis differed, was the
cluster analysis done?

Is the analysis performed Yes No Can't
by intervention allocation tell
status (i.e., intention to
treat) rather than the actual
intervention received?

Intervention integrity A B c
(strong) | (moderate) | (weak)

What % of participants 80-100 60-79 <60 ND NA
received the allocated
intervention or exposure of
interest?

Was the consistency of the Yes No ND NA
intervention measured (i.e.,
intervention was provided to
all participants in the same

way)?
Is it likely that subjects Yes No Can't
received an unintended tell

intervention (contamination
or cointervention) that may
influence the results?
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Data Synthesis, Analysis, and Reporting

Questions Related to Analytic Validity

As will be discussed in Chapter 3, we encountered only a few studies of analytic validity, and
thus these are described in the text rather than in tables. There were insufficient data for a pooled
analysis.

Questions Related to Clinical Validity

Studies relevant to each Key Question were grouped together, organized according to their
applicability to the specific Key Question and their overall quality score. In some cases, Key
Questions that had substantive overlap in the type of findings reported were grouped together to
provide a comprehensive yet succinct overview of the literature.

Questions related to clinical validity: For questions related to clinical validity, sensitivity and
specificity were based upon the definitions summarized in Chapter 1. We presented studies by
categorizing them for important features (such as use of similar definitions and selection criteria)
so that similarities and differences would be as transparent as possible.

Prevalence of MMR Mutations, MSI or Suggestive IHC Among Patients Fulfilling
Amsterdam | and Il Criteria. For each study we estimated the proportion (and exact binomial
95% confidence interval) of Amsterdam I and II patients with MMR mutations, MSI or
suggestive IHC. We estimated the corresponding summary prevalence values with random
effects meta-analyses.”™ For the quantitative syntheses, proportions from each study were logit
transformed to stabilize variances, and then back-transformed to their natural scale. Analyses
using the more drastic Tuckey-Freeman arcsin transform yielded largely similar estimates, and
thus are not reported.

Diagnostic Ability of Predictors (Preliminary Tests) To Identify MMR Mutation Carriers.
As mentioned above, the preliminary tests that identify MMR mutation carriers are either sets of
clinical criteria, or laboratory tests (namely MSI and IHC). Different considerations are
applicable to the analysis of clinical and laboratory predictors across a selection of studies.

Considerations on study populations for clinical predictors (preliminary tests). In HNPCC the
clinical preliminary tests are highly susceptible to spectrum effects across populations that have
been selected with eligibility criteria of a clinical nature. Although the detailed analysis of this
statement is cumbersome, it can be intuitively evaluated through an illustrative example.
Assume that the preliminary test of interest is the clinical criterion of “age less than 50 years at
diagnosis of CRC”. It is expected that the sensitivity and specificity of this criterion will be
different among unselected people with CRC compared to CRC patients who were less than 55
years at diagnosis. The second population has already been “pre-selected” based on a clinical
criterion (less than 55 years at CRC diagnosis) that is quite similar to the evaluated “preliminary
test” (less than 50 years at CRC diagnosis). This pre-selection alters the composition of the
population with respect to the clinical predictor in a systematic and non-random way, both
among MMR mutation carriers and among non-carriers. The net effect is a change in the
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apparent sensitivity and specificity across populations with increasing prevalence of MMR
mutation carriers (spectrum effects).

Because of the aforementioned consideration we decided a priori not to synthesize the
sensitivity and specificity of clinical predictors across populations that had been defined using
different clinical eligibility criteria. Identifying such homogeneous populations is challenging,
especially given the incomplete descriptions of the studied populations in many of the assessed
studies.

Thus we decided to focus on populations fulfilling sets of criteria that are most frequently
used for HNPCC, are well known, and presumably assessed identically by different research
teams. In order of increasing prevalence of MMR mutation carriers these homogeneous
populations were: unselected, incident CRC, patients selected by the Bethesda guidelines and
revised Bethesda guidelines, modified Amsterdam criteria, and Amsterdam II and I criteria. We
also created separate estimates for the sensitivity and specificity for patients who were pre-
selected based on suggestive MSI and/or IHC results.

Considerations on study populations for laboratory predictors (preliminary tests). The above
consideration may not be as important for laboratory predictors (e.g., IHC) because there is no
strong reason to assume that pre-selection with a clinical eligibility criterion (e.g., “age less than
55 at CRC diagnosis”, as above) in a study would be correlated with IHC results both in MMR
carriers and in those who are not MMR mutation carriers. However, it is possible that some
laboratory predictor tests (e.g., MSI analysis) may be vulnerable to spectrum effects.”® Thus, for
laboratory predictors, we did not require the strict similarity of populations across studies as
above, and considered all studies together.

Separate analyses of sensitivity and specificity. For each study we estimated the sensitivity and
specificity (and exact binomial 95% confidence intervals thereof) for the clinical and laboratory
predictors (preliminary tests) of interest. As described before, we derived summary sensitivity
and specificity estimates with random effects syntheses using logit-transformations of
proportions for the meta-analyses. As a general rule, this approach tends to underestimate the
diagnostic performance, because it ignores the correlation between the sensitivity and the
corresponding specificity from the same study. However, it provides a pooled estimate (and 95%
confidence interval) of sensitivity and specificity that can be useful for providing overall
appraisal of test performance.

Summary receiver operating characteristic curve analyses. For laboratory predictors only, we
summarize test performance graphically using summary receiver operating characteristic curve
(SROC) analyses. SROC curve analysis can be used to graphically describe the tradeoff between
sensitivity and specificity across studies. The sensitivity and specificity of each study are
represented in the graph, thereby depicting the operating characteristics of a group of studies.

The tradeoff between sensitivity and specificity generally reflects the threshold for calling a
test positive or negative. Such a tradeoff can be understood easily when considering a single
study that assessed various cutoff values of a diagnostic test. By contrast, the threshold implied
in an SROC curve analysis is not always apparent. Different estimates of sensitivity and
specificity across studies may be due to several considerations such as variations in how the tests
were implemented (e.g., differences in the number of microsatellite markers used) or in
interpretation of results. With regard to the latter, the same specimen (e.g., a tumor stained for
IHC) may be interpreted differently when the interpreter believes the test is being used for
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screening versus confirmation of a high-risk patient. Thus, by grouping studies according to
specific study features, SROC analysis can be used to help explain differences in test
characteristics across studies that seemingly used the same diagnostic test. However, it does not
necessarily define an explicit threshold effect.

The area under a receiver operating curve has been used to describe the overall diagnostic
ability of a test; the greater the area, the better the test. However, calculating the area under a
SROC curve requires extrapolation outside the range of the sensitivity and specificity values of
the analyzed studies and thus may not produce a valid appraisal of the test’s accuracy. As a
result, we did not attempt to calculate the area under the SROC curve.

Subgroup and Sensitivity Analyses. We defined a priori factors that might explain
heterogeneity of pooled estimates. These included:

Overall quality. We compared results from high and low quality studies (as defined by the A, B
or C classification described above).

Study size. For the questions relating to the proportion of patients with the Lynch Syndrome
with mutations or abnormal MSI or IHC results, we used a cutoff of 20 patients (>20 versus <20)
to distinguish larger and smaller studies. Although this was a largely arbitrary cutoff, a single
misclassification in smaller studies would result in more than a 5% misclassification rate, which
we considered clinically important. Similarly, we used a cutoff of at least 40 people in the 2 by 2
table for studies that were used to assess sensitivity and specificity.

Characteristics of how genetic testing was performed. Studies were categorized in groups
according to the comprehensiveness of the genetic testing strategy they used. As least
comprehensive, we classified studies that used only gene screening methods to detect MMR
mutations, and did not perform sequencing on any sample; performed sequencing on samples
with suggestive gene screening analyses; or performed sequencing on all available samples. As
most comprehensive we considered studies that performed sequencing and analyses for large
genomic deletions/rearrangements in all samples. The application of more advanced techniques
such as conversion analysis or mono allelic mutation analysis (MAMA) was only sporadic or in
the context of demonstrating their feasibility in only a few samples, and thus did not comprise a
separate category. Examples of genetic screening strategies are single-stranded conformation
polymorphism (SSCP), conformation sensitive gel electrophoresis (CSGE), denaturing gradient
gel electrophoresis (DGGE), and denaturing high-pressure liquid chromatography (DHPLC).
Examples of methods to detect large genomic deletions are: southern blotting and multiplex
ligation-dependent probe amplification (MLPA). These methods are described in more detail on
Chapter 3 in the section on Analytic Validity.

Whether and how the study defined pathogenic mutations. We determined if and how studies
defined mutations as being pathogenic (i.e., known to be associated with HNPCC versus a
variant of unknown significance). It is possible that the same mutations might have been defined
as pathogenic in one study and non pathogenic in another.” Furthermore, not all definitions are
equally valid and the methods used to define pathogenicity may not have been conducted with
equal rigor. For example evidence from functional studies (i.e., in which the function of the
mutated gene was assessed) may provide strong support that the mutation is pathogenic, whereas
absence of the mutation in a small sample of healthy controls is not as strong.
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Characteristics of MSI testing. We assessed whether studies that used the panel of markers
recommended by the NCI and whether they performed microdissection. Microdissection helps
assure that the sample analyzed was from malignant tissue and did not contain DNA from
surrounding, healthy colonic tissue. Microdissection is not pertinent to germline MMR mutation
testing or IHC. Germline mutations are typically assessed in blood samples (non-malignant
tissue). For IHC, a pathologist studies a tissue section to evaluate MMR protein expression in
regions of malignancy (microdissection it typically not needed).

The sample selection process. We attempted to identify studies that had a biased sample
selection process. Studies with transparent sample selection process clearly stated that they
selected their samples among all available patients using a set of eligibility criteria. Studies with
non-transparent sample selection process did not report that they applied the same criteria to all
available patients. For example, they may have used a convenience sample of cases from various
sources.

Despite our efforts, we caution that studies that applied seemingly transparent eligibility
criteria may still have a highly biased selection process. For example, studies from a referral
center may have recruited patients with a relatively higher prevalence of familial cancer
compared with studies that recruited consecutive patients with colorectal cancer in the
community.

Whether the study used consecutive, unselected patients with CRC. We identified studies that
used consecutive CRC (including retrospective studies that assessed all unselected patients that
were diagnosed during a specific time period) that were otherwise nonselective or representative
of the general population. Populations evaluated in studies from specialized centers or studies
that imposed clinical or other criteria to select their populations were not considered to be
representative of the general population.

Decision Tree Model Methods. We performed analyses using decision trees to model the
expected outcomes with different testing strategies from the payers’/third party perspective. The
outcomes were the number of incident CRC with positive diagnosis for HNPCC, and the number
of tests (MMR, MSI, or IHC) needed to detect them. We also assessed how many patients found
to be mutation carriers with each strategy would be truly positive.

The decision trees pertain to a cross-section in time. We used a hypothetical population of
100,000 incident cases of CRC. This number is in the order of incident cases expected annually
in the US (approximately 150,000, given an annual incidence of 50/100,000 and a population of
300 million) and is a number convenient for calculations.

We assessed nine different strategies, which were most commonly represented in the studies
summarized in this review. The strategies used clinical criteria, MSI, IHC or a combination of
clinical criteria with MSI or THC to select patients for MMR mutation testing. The probabilities
that were used in the decision trees were derived from the eligible studies. See Chapter 3 for a
complete description of the modeled strategies and the probabilities that were used.

Questions Related to Benefits and Harms

For studies related to benefits and harms, we grouped studies according to their relevance to
the Key Questions, presenting comparative trials and higher quality studies first followed by
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qualitative and other types of descriptive studies. Statistical comparisons made within each study
are presented; we did not attempt to recalculate these comparisons; however, specific comments
about study methods are included in footnotes.

The majority of studies related to benefits and harms were qualitative. Among the
comparative trials, there were insufficient studies of similar design to allow for meta-analysis.

We present major findings that were considered to be clinically important or addressed
(directly or indirectly) the Key Questions and subset questions. We described together studies
that used similar endpoints (e.g., quality of life instruments or depression sca